We investigated the low energy satellites in the Röntgen spectra using the many-particle theory. These satellites are results of the radiative semi-Auger decay of the inner vacancy states. We did not treat only ordinary radiative decay. There exist the excitations of one of the atomic electrons together with the photon emission. We presented results of radiative semi-Auger decays of vacancy states in Ar atom. The knowledge of these processes is important for understanding the same processes in the case of the nanoparticles (molecules, fullerenes, clusters). Research in the field of the new materials requires more sophisticating methods which will open the new possibilities for obtaining materials of particular design, too. The theory which is presented in the paper may be easily generalized in case of particles like fullerenes and clusters.
Introduction
The building of new materials in the field of the nanostructure and of nanotubes comes from a need of the theoreticians and experimentalists for more sophisticated methods and investigations for new possibilities for obtaining materials of particular design. According to that, we demonstrated in this paper the appearance of new structural effects which basically defined the diagnostic of material features by the different methods like the Röntgen analysis of materials, the Auger spectroscopy (for example, new compounds which are important in the theory of the superconductivity, of the magnetic materials, etc).
In our paper we observed, from the first principles, the appearance of new satellite lines in the Röntgen atomic spectra, and correspondently, in the macromolecules, clusters, fullerenes, etc., too. The appearance of the new lines is connected with the process of radiative semi--Auger (RSA) decay of the inner shell vacancy. The electron transition from the outher subshell to the hole state is evaluated together with the discrete excitation of an atomic electron. Recently, there exist three methods of the calculations of such processes:
1. The configuration interaction method (CI) [1] .
2. The Cooper-Aberg method (the "shake" method) (CA) [2, 3] .
3. The many-body theory (MT), the Hartree-Fock approximation (HF), the many-body perturbation theory (PT), and random phase approximation with exchange (RPAE) (which is exactly the special kind of treating the perturbation theory [4] [5] [6] ). In this paper we use the RPAE method [7, 8] .
The methods 1 and 2 take into account only one of the possible decay mechanisms of RSA decay. The method which we used takes into account not only the processes which are described by the methods 1 and 2, but also other important processes. Many of the satellite lines are obtained experimentally, too [3, 9] .
As an example, we presented our calculations for the Ar atom. We obtained three groups of satellites.
Theory
The probability of a process in the framework of the dipole approximation is determined [6, 8] as
(1) M is the amplitude of a radiative transition, Ψ i,f are the wave functions of the initial and final state of the atom with the one hole and two vacancies j 1 , j 2 and one electron g in the discrete level, α is the fine structure constant, e is the polarization vector of the emitted quantum, d = i r i is the operator of the atomic dipole moment, L, S are the orbital and spin momenta, and M L , M S are their projections. The probability (1) has the dimension of energy and is expressed in rydbergs.
In the calculation of the decay amplitude the PT usually is applied, since the energy gap between atomic subshells is rather large, and the matrix elements of the Coulomb interaction between the electrons in different subshells are relatively small. We use the many-particle PT, exactly the RPAE method [5, 6, 10] . In the lowest order in the electron interaction the amplitude of presented decay is determined by the diagrams in Fig. 1 : a line with a right (left) arrow denotes the one-electronic (-hole) state; a line with a double arrow to the right denotes the discrete excited state; the dashed line -photon and the wavy line represents the Coulomb interaction. The summation over all momenta is implied in ( 
In Eqs. (2) (and corresponding expressions for M 2,3,4 ),
where E ν are the HF energies, and, as usual, the matrix U present the difference between the direct and exchange matrix elements. The summation Π includes all the projections of orbital and spin momenta of initial and final vacancies, as well as the factor F is determined as [10] [11] [12] :
Here C presents the Clebsh-Gordan coefficients. The factor F and summation over the projection in (2) allow that the angular momenta of the holes of the in and out states are linked into definite term LS(L S ) [13] . After integration of the angle and spin variables and summation of the orbital and spin momenta projections of the holes we obtain [7] a very complex final expression which contains all known mechanisms of RSA decay (including processes which are described by methods 1 and 2).
If in the initial state the influence of the other configurations is very small, the RSA amplitude (which takes into account the mixing of configurations in the final state) may be given as in Fig. 2 .
Here Σ is the diagonal matrix element of the self--energy part of the one-hole Green function
We calculated this quantity in the improved version of the RPAE method by using the contributions of some important third-order diagrams [6, 12, 14] . After the summation of the diagrams in Fig. 2 , the following expression is obtained:
The final expression for the probability of the decay of the vacancy i is [5, 6] :
Results of the calculations and conclusions
In this work we calculated the probabilities of the RSA of the 2p vacancy in Ar. We obtained that except the 2p 
. The probability of this transition is only 2.5 times smaller that the probability of the main satellite 2p
Decay of the 2p vacancy in Ar
The satellite spectra in Ar is more complex that the corresponding spectra in the case of the s-vacancy decays. In Table I we presented the results of the energies and probabilities which are obtained in the RSA decay of the 2p vacancy. According to the selection rules, in the case of the p hole decays, the orbital momentum of the final state has the possible values: L = 0, 1, 2. Like in the case of Ne [5, 6] here we have three groups of satellites, see Table II . The distance between groups is ≈ 1-2 Ry. In our calculations we use, except the diagrams in Fig. 2 , also the diagrams in Fig. 3 which take into account the contributions of the virtual excitations in the RSA process. Then in formula (4) we must change W
In Table III we give our earlier obtained results of the [6] [7] [8] RSA method (for comparison). In this case three groups of the satellites arise, too. The mean distance between the satellites is approximately 2 Ry.
The probabilities of the RSA decay in the general case depend: firstly, on the electronic configuration in the final state configuration, and secondly, inside each of group of satellites depend on the residual-ion term, which is defined by the quantity F 2 (the quantity F ∼ (2L + 1)(2S 1 + 1)(2L 1 + 1)) and angular and spin terms in the partial amplitudes. Fig. 3 . The contributions of the virtual excitation processes in the decay of the 2p-vacancy.
Conclusion
This paper presents the method of calculations of radiative semi-Auger decay in the framework of the many--body theory. We demonstrated the possibility to find the correct positions of defined lines of spectra of Ar atom.
The method which we presented here may be applied on other noble gases atoms, and also on atoms (molecules) with great polarizability (for example, on the atoms of alkali metals). Also, using the theoretical generalization in the calculations which are connected with the clusters and fullerenes, and generalization of the polarizability, it is possible to calculate the energies and probabilities of the corresponding decays [5, 6, 15, 16] (for example, the effects of the semi-Auger decays) for the C 60 , C + 60 , Na 40 , Na + 20 , Ag + 11 , i.e. to identify the spectra of the corresponding atoms, ions, fullerenes and clusters in material which we investigated. This is very important for obtaining the accurate diagnosis of some materials.
By that we open the possibility to design new materials in nano-and macro-domain, too.
